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Abstract

BACKGROUND CONTEXT: The epidemiology of cervical spine fractures and associated spinal
cord injury (SCI) has not previously been estimated within the American population.
PURPOSE: To determine the incidence of cervical spine fractures and associated SCI and identify
potential risk factors for these injuries in a large multicultural military population.
STUDY DESIGN: Query of a prospectively collected military database.
PATIENT SAMPLE: The 13,813,333 military servicemembers serving in the US Armed Forces
between 2000 and 2009.
OUTCOME MEASURES: The Defense Medical Epidemiology Database (DMED) was queried
to identify all servicemembers diagnosed with cervical spine fractures with and without SCI during
the time period under investigation. Data were used to determine the incidence of cervical spine
fractures and SCI as well as identify risk factors for their development.
METHODS: The DMED was queried for the years 2000 to 2009 using the International Classification of Diseases, Ninth Revision, Clinical Modification code for cervical spine fractures with
and without SCI (805.0, 805.1, 806.0, and 806.1). The database was also used to determine the total
number of servicemembers within the military during the same period. The incidence of cervical
spine fractures and fractures associated with SCI was determined, and unadjusted incidence rates
were calculated for the demographic characteristics of sex, race, military rank, branch of service,
and age. Adjusted incidence rate ratios were then determined using multivariate Poisson regression
analysis to control for other factors in the model and identify significant risk factors for cervical
spine fractures and cervical injuries associated with SCI.
RESULTS: From 2000 to 2009, there were 4,048 cervical spine fractures in a population at risk of
13,813,333 servicemembers. The overall incidence of cervical spine fractures was 0.29 per 1,000
person-years, and the incidence of fracture associated SCI was 70 per 1,000,000. The cohorts at
highest risk of cervical spine fracture were males, whites, Enlisted personnel, those serving in
the Army, Navy, or Marine Corps, and servicemembers aged 20 to 29. Risk of fractureassociated SCI was significantly increased in males, Enlisted personnel, servicemembers in the
Army, Navy, or Marines, and those aged 20 to 29.
CONCLUSIONS: This study is the largest population-based investigation to be conducted within
the United States regarding the incidence of SCI and the only study addressing incidence and risk
factors for cervical spine fractures. Male sex, white race, Enlisted military rank, service in the
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Army, Navy, or Marine Corps, and ages 20 to 29 were found to significantly increase the risk for
cervical fractures and/or fracture associated SCI. Our findings support previously published data but
also represent best available evidence based on the size and diversity of the population under study.
LEVEL OF EVIDENCE: Prognostic; Level II. Published by Elsevier Inc.
Keywords:

Cervical; Fracture; Spinal cord injury; Incidence; Epidemiology

Introduction
Cervical spine fractures are frequently seen in association with trauma, particularly among younger individuals
[1–3]. These injuries, which exist on a spectrum from minor avulsion fractures to significant fractures in association
with spinal instability and spinal cord injury (SCI), can
exert an enormous direct financial toll on the health care
system. The even greater significance of these injuries is
because of the indirect losses including time off work and
lost productivity, especially in young patients who sustain
complete SCIs [4,5]. In the last two decades, advances have
occurred in regard to both the surgical and medical management of patients with cervical fractures, as well as SCIs.
However, the epidemiology of spinal injuries and cervical
spine fractures, in particular, remain incompletely explored.
A recent search of the medical literature reveals that no
prior investigation has attempted to quantify the incidence
of cervical spine fractures or characterize risk factors for
these injuries, among a large and diverse population base.
Although some studies have attempted to address other
subsets of spinal trauma [1–3,6–13], or spinal injuries as
a whole [14], most of these investigations are limited in
scope and frequently rely on populations already exposed
to trauma. Based on the results of these prior investigations,
male sex [6,7,10,11,15], white race [10,11], lower socioeconomic or educational status [14], high-risk behaviors
[4,14,15], and age 15 to 30 years [3,7,10] have all been postulated as potential risk factors for spinal fracture and/or
SCI.
Determinations of the incidence of SCI or spinal fractures made using trauma-based populations, or those
presenting to a single practice or center, likely result in
overestimations [16]. Furthermore, available data regarding
the epidemiology of spinal fractures or SCI are not necessarily translatable to the cervical spine, and calculations
for select populations in trauma centers or regional locations should not be assumed to apply to the population as
a whole.
The major difficulty in epidemiologic investigations
regarding spinal injury consists of the inability to define
the entire population at risk. In several studies, conducted
outside the United States, complete populations at risk have
been determined using nationalized health insurance databases or government registries [7,14]. Within the US health
care system, such determinations are not possible and studies have been limited to using smaller population-based

assessments from states or counties [8,13,15]. However,
the Defense Medical Epidemiology Database (DMED),
maintained by the Department of Defense, represents
a closed health care data set for an American population
similar to those used in countries with nationalized health
delivery systems and registries [17]. The DMED is linked
to the Department of Defense Ambulatory Data System,
and the military’s Composite Health Care System, which
enables the successful documentation of all medical and demographic data for every servicemember in the US Armed
Forces, even those who receive their medical treatment at
nonmilitary facilities [17].
The DMED can be queried by approved personnel to
provide accurate reports regarding the total number of servicemembers within the US Armed Forces at any given time
and demographic data regarding servicemembers’ age, sex,
race, military rank, and branch of service. Most importantly, the DMED can be used to determine the total number of servicemembers diagnosed with any medical
condition as classified by International Classification of
Diseases, Ninth Revision, Clinical Modification code. The
DMED has been successfully used in the past to estimate
the epidemiology of traumatic [18], degenerative [19,20],
and spinal conditions [21] within the population of the
US military.
Based on the demographic composition and occupational demands of the US Armed Forces, data from prior reports on spinal fractures and SCI indicate that military
servicemembers would be at high risk for such injuries.
The goal of this investigation was to quantify the incidence
and determine risk factors for cervical fractures, with and
without SCI, among servicemembers serving in the US military from 2000 to 2009. To the best of our knowledge, this
study is the first to estimate the incidence of SCI among an
American population not limited to one geographic location. Additionally, it is the only report to specifically document the incidence and risk factors for cervical fractures.

Materials and methods
This study was conducted after approval from our institutional investigational review board. The database containing the DMED was queried to capture all military
servicemembers who sustained cervical fractures in the
10-year period from 2000 to 2009. The International Classification of Diseases, Ninth Revision, Clinical Modification
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codes for open and closed cervical spine fractures, as well
as those with and without SCI were used in the query
(805.0, 805.1, 806.0, and 806.1). To prevent the possibility
of overestimation, related codes specific to the site of cervical injury were not used. Additionally, those individuals
with SCI but no evidence of cervical spine fracture by
International Classification of Diseases, Ninth Revision,
Clinical Modification code were not included. Last, the
search was limited to first time diagnoses only so that subsequent diagnoses, made in the outpatient setting as servicemembers received further care for their injuries, were
not counted as separate incidents.
All servicemembers identified in the DMED as having
sustained a cervical spine fracture were entered into our
data set, along with their sex, age, race, military rank,
and branch of service within the Department of Defense.
The DMED classifies race as white, black, or other where
other may denote Hispanic, Native American, Alaskan Native, Pacific Islander, Asian, mixed race, or no race reported
by the servicemember. All racial statistics contained within
the DMED are determined by servicemember self-report.
Similarly, age within the database is categorized within
six age groups; !20 years, 20 to 24 years, 25 to 29 years,
30 to 34 years, 35 to 39 years, and 40 years and older.
Branch of service in the DMED is limited to Army,
Navy, Air Force, or Marine Corps, and specific military
occupational specialty (ie, infantryman, cavalry scout, surgeon, cook, and so on) is not accessible. Rank is classified
as Junior Enlisted (private to specialist/corporal), Senior
Enlisted (Sergeant to Sergeant Major), Junior Officers (Second Lieutenant to Captain, and Warrant Officers), and Senior Officers (Major to Lieutenant General). Prior studies
using the DMED have used rank and branch of service as
proxies for activity level, with combat arms branches such
as the Army and Marine Corps assumed to have higher occupational demands on average [19–21]. Similarly, Enlisted
servicemembers are also assumed, on average, to engage in
more physical occupational demands on a daily basis than
are officers [21]. Military rank can also be used as a proxy
for socioeconomic status both within the military and
before enlistment [22–24]. Enlisted servicemembers, and
especially the Junior Enlisted, make less money than officers [25], are less likely to have a college degree, and often
times derive from lower socioeconomic strata within the
general population [22–24].
The DMED was also queried for data pertaining to the
entire Armed Forces population categorized by sex, race,
age, rank, and branch of service for the period under study.
For the purposes of this investigation, the entire military
population from 2000 to 2009 was considered the population at risk. All data were contained in a Microsoft Excel
spreadsheet in a password-protected personal computer,
and statistical analyses were performed using Statistical
Analysis Software (SAS 9.2; Cary, NC, USA).
The incidence of cervical spine fractures as a whole, as
well as the incidence of cervical fractures associated with
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Context
There is a paucity of epidemiological information regarding cervical spine fractures in the U.S. military
and the U.S. population generally. This study aims to begin filling this void.
Contribution
Using a large military database containing nearly 14
million study subjects, the incidence of cervical spine
fracture was 0.29 per 1,000 person-years, and the incidence of fractures with associated spinal cord injury
was 70 per 1 million. Age and sex (young and men) predicted more injuries, as did branch of service (Army and
Marine Corps), suggesting different social or physical
exposure patterns.
Implication
This study is the largest population-based investigation
into the incidence of cervical fractures and spinal cord
injuries reported in the United States. The limitations inherent in all large database assessments hold, such as
minimally detailed dataset, specific population, and various other factors.
—The Editors

SCI, was calculated by comparing the number of servicemembers diagnosed with these injuries to the entire population at risk. The incidence is expressed as the rate per
1,000 person-years, where one person-year represents
a single calendar year of exposure to military service.
Unadjusted incidence rates (IRs) were calculated for all risk
factors of interest (sex, race, military rank, branch of
service, and age) for all cervical spine fractures and cervical fractures associated with SCI.
Adjusted incidence rate ratios (IRRs) and 95% confidence intervals were then determined using multivariate
Poisson regression analysis that controlled for the other
factors in the model. Adjusted IRRs were determined for
all potential risk factors using a single group within the
category of interest as a referent. For sex, rank, branch of
service, and age, the referent was always established as
the group within the risk factor category with the lowest unadjusted IR. In the case of race, only black or white were
considered viable choices for the referent because of the
fact that the category of other encompassed many disparate
racial and ethnic groups.

Results
In the time period under study, there were 4,048 cervical
spine fractures documented and treated within the military
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Table 1
Unadjusted IR and adjusted IRRs of cervical fractures among US military servicemembers, 2000–2009
Category

Number of cases

Male
Female
Black
Other
White
Junior Enlisted
Junior Officers
Senior Enlisted
Senior Officers
Army
Navy
Air Force
Marines

Person-years

3,645
403
642
488
2,918
2,123
276
1,488
161
1,613
968
750
717

11,795,305
2,018,028
2,567,557
1,759,176
9,486,600
6,077,634
1,354,332
5,506,970
874,397
4,976,608
3,549,191
3,484,086
1,803,448

Unadjusted IR*
0.31
0.20
0.25
0.28
0.31
0.35
0.20
0.27
0.18
0.32
0.27
0.22
0.40

Adjusted IRR (95% CI)
1.45
N/A
N/A
1.09
1.21
1.63
1.04
1.42
N/A
1.45
1.23
N/A
1.61

y

(1.31, 1.61)

(0.97,
(1.11,
(1.34,
(0.84,
(1.19,

1.22)z
1.32)z
1.98)x
1.28)x
1.70)x

(1.33, 1.59)k
(1.12, 1.35)k
(1.45, 1.79)k

p Value
!.001
N/A
N/A
.17
!.001
!.001
.71
!.001
N/A
!.001
!.001
N/A
!.001

IRR, incidence rate ratio; IR, incidence rate; CI, confidence interval; N/A, not applicable because this category was used as the referent category for
calculations.
* Incidence rate is per 1,000 person-years.
y
Adjusted for age, race, rank group, and service. Female was the referent category.
z
Adjusted for age, sex, rank group, and service. Black was the referent category.
x
Adjusted for age, sex, race, and service. Senior Officers were the referent category.
k
Adjusted for age, sex, race, and rank group. Air Force was the referent category.

population of 13,813,333 servicemembers. Cervical fractures without SCI occurred in 3,106 individuals, whereas
942 sustained SCIs in association with their fractures. The
incidence of cervical spine fractures in this population was
0.29 per 1,000 person-years, and the incidence of fractureassociated SCI was 0.07 per 1,000 person-years or 70 per
1,000,000 person-years. Unadjusted IRs indicated that
males, white servicemembers, Junior Enlisted personnel,
Marines, and those aged 20 to 24 years were at greatest
risk of cervical spine fracture (Tables 1 and 2). Unadjusted
IRs for fractures associated with SCI revealed similar results
(Tables 3 and 4). The highest unadjusted IR for cervical
fracture, as well as fracture-associated SCI, was encountered
among members of the Marine Corps, at 0.40 and 0.10 per
1,000 person-years, respectively.
Most of the risk factors identified in the unadjusted analyses were confirmed as having a significant association with

Table 2
Incidence rate ratio of cervical fractures among servicemembers in the US
military, 2000–2009, by age group
Age group

No. of
cases

Person-years

IR*

Adjusted IRR (CI)y

p
Value

!20
20–24
25–29
30–34
35–39
40þ

341
1,631
855
495
402
324

1,084,882
4,613,200
2,919,000
1,996,712
1,773,252
1,426,287

0.31
0.35
0.29
0.25
0.23
0.23

1.06
1.25
1.18
1.06
N/A
1.07

.53
.001
.01
.39
N/A
.35

(0.89,
(1.09,
(1.04,
(0.93,

1.25)
1.43)
1.33)
1.21)

(0.92, 1.25)

IRR, incidence rate ratio; IR, incidence rate; CI, confidence interval;
N/A, not applicable because this category was used as the referent.
* Incidence rate is per 1,000 person-years.
y
Adjusted for sex, service, rank group and race. The 35- to 39-yearold group was used as the referent category.

the incidence of cervical fractures, and fractures associated
with SCI, after multivariate Poisson regression analysis.
Male sex significantly increased the risk of cervical fracture
when compared with females (Table 1). White race, Enlisted
rank, and service in the Army, Navy, and Marines were also
found to significantly increase cervical fracture risk relative
to black servicemembers, Senior Officers, and members of
the Air Force (Table 1). Servicemembers aged 20 to 29 years
were at significantly increased risk of fractures compared
with those aged 35 to 39 years (Table 2). The highest adjusted IRR for cervical fractures was found among those
serving in the Marine Corps (adjusted IRR 1.61 [95% confidence interval, 1.45–1.79]).
Multivariate Poisson regression analysis maintained
male sex, Enlisted rank, and Army, Navy, or Marine service
as significant risk factors for cervical fractures with SCI
(Table 3). Once again, those aged 20 to 29 years were identified as being at significant risk for these injuries compared
with those aged 35 to 39 years, although there was only
borderline significance for individuals aged 25 to 29 years
(p5.046, Table 4). White servicemembers did not have
a significantly increased risk of cervical fracture with SCI
when compared with those who were black. Similar to findings for cervical fractures as a whole, service in the Marine
Corps exhibited the highest adjusted IRR for cervical
fractures with SCI (adjusted IRR 2.04 [95% confidence
interval, 1.64–2.53]).

Discussion
Cervical spine fractures and associated SCIs are most
frequently encountered among young individuals and often
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Table 3
Unadjusted IRs and adjusted IRRs of cervical fractures associated with SCI among US military servicemembers, 2000–2009
Category

Number of cases

Male
Female
Black
Other
White
Junior Enlisted
Junior Officers
Senior Enlisted
Senior Officers
Army
Navy
Air Force
Marines

Person-years

852
90
163
104
675
505
72
336
29
370
231
152
189

11,795,305
2,018,028
2,567,557
1,759,176
9,486,600
6,077,634
1,354,332
5,506,970
874,397
4,976,608
3,549,191
3,484,086
1,803,448

Unadjusted IR*
0.07
0.04
0.06
0.06
0.07
0.08
0.05
0.06
0.03
0.07
0.07
0.04
0.10

Adjusted IRR (95% CI)
1.52
N/A
N/A
0.89
1.08
1.72
1.41
1.65
N/A
1.62
1.43
N/A
2.04

y

(1.22, 1.89)

(0.69,
(0.91,
(1.11,
(0.88,
(1.10,

1.14)z
1.28)z
2.69)x
2.25)x
2.48)x

(1.34, 1.96)k
(1.17, 1.76)k
(1.64, 2.53)k

p Value
!.001
N/A
N/A
.34
.40
.02
.15
.02
N/A
!.001
!.001
N/A
!.001

IRR, incidence rate ratio; IR, incidence rate; CI, confidence interval; N/A, not applicable because this category was used as the referent category for
calculations.
* Incidence rate is per 1,000 person-years.
y
Adjusted for age, race, rank group, and service. Female was the referent category.
z
Adjusted for age, sex, rank group, and service. Black was the referent category.
x
Adjusted for age, sex, race, and service. Senior Officers were the referent category.
k
Adjusted for age, sex, race, and rank group. Air Force was the referent category.

occur as a result of trauma [4,9,14,15]. These injuries
present a substantial public health problem, as they not only
lead to long-term lost productivity but also incur significant
medical costs [4,5]. In most instances, the quality of life
for an individual is permanently altered in the face of
SCI, and risks of subsequent morbidity and mortality are
increased [4].
The annual incidence of SCI among the US population
has been estimated at 40 per 1,000,000 [12,13,15], with
11,000 new cases occurring per year [12,15]. Although
a great deal of research has appropriately been devoted to
surgical and medical endeavors capable of halting the
SCI process, as well as treating those with cervical spine
fractures, the epidemiology of these injuries is incompletely understood, especially in the American population.
No previous research has attempted to estimate the incidence of cervical spine fractures or establish risk factors for
Table 4
Incidence rate ratio of cervical fractures associated with SCI among
servicemembers in the US military, 2000–2009, by age group
Age group

No. of
cases

Person-years

IR*

Adjusted IRR (CI)y

p
Value

!20
20–24
25–29
30–34
35–39
40þ

88
398
206
96
88
66

1,084,882
4,613,200
2,919,000
1,996,712
1,773,252
1,426,287

0.08
0.09
0.07
0.05
0.05
0.05

1.32
1.47
1.30
0.92
N/A
1.04

.12
.007
.046
.60
N/A
.82

(0.93,
(1.11,
(1.01,
(0.69,

1.87)
1.94)
1.69)
1.24)

(0.75, 1.44)

IRR, incidence rate ratio; IR, incidence rate; N/A, not applicable
because this category was used as the referent.
* Incidence rate is per 1,000 person-years.
y
Adjusted for sex, service, rank group, and race. The 35- to 39-yearold group was used as the referent category.

their occurrence. The investigations that have been conducted in regard to spinal injuries as a whole, or SCI, are
limited in most cases by select populations [1,15], inclusion
of patients who have already sustained trauma [6,9–11],
and localization in one trauma center or region [2,3,8,13].
Only two prior investigations have attempted to quantify incidence and risk factors for spinal fractures and/or SCI
among large well-defined populations at risk, and both
these studies were performed in Canada [7,14]. Hu et al.
[14] reported that the incidence of spinal fractures as
a whole in Manitoba was 0.64 per 1,000 person-years,
whereas the incidence of SCI was 40 per 1,000,000. In
Alberta, Dryden et al. [7] found the incidence of SCI to
be 52.5 per 1,000,000. Within the United States, largescale epidemiologic studies have focused only on states
or counties and address only SCI [8,13,15]. The incidence
of traumatic SCI in Olmstead County, Minnesota was reported to be 54.8 per 1,000,000 from 1935 to 1981 [8].
In New York State from 1982 to 1988, the incidence was
43 per 1,000,000 [15], whereas it was 40 per 1,000,000
from 1988 to 1990 in Oklahoma [13].
Studies specific to cervical spine injuries are even more
limited, as they tend to rely on data from single centers or
trauma-specific populations. For example, Lowery et al.
[11] reported a 2.4% incidence of cervical spine injury that
was derived from patients enrolled in the National Emergency X-Radiography Utilization Study. Similarly, the calculation of 4.3% by Grossman et al. [9] was obtained from
surveys of US trauma centers and contrasts with the 1.7%
incidence encountered by retrospective review of trauma
admissions by Demetriades et al. [2] at Los Angeles County
and University of Southern California Medical Center from
1993 to 1997.
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This investigation sought to quantify the incidence of
cervical spine fractures and fracture-associated SCI among
the US military population during the years 2000 to 2009.
The study also attempted to identify potential demographic
risk factors for cervical fractures and SCI in this large and
diverse population. Results presented here establish the
incidence of cervical spine fractures within this military
population as 0.29 per 1,000 person-years, whereas the
incidence of fracture-associated SCI was found to be 70
per 1,000,000. Male sex, white race, ages 20 to 29 years,
Enlisted military rank, and service in the Army, Navy, or
Marine Corps were found to be significant risk factors for
cervical spine fracture and/or SCI.
The raw incidence for cervical fractures presented here
fits with the only other population-based estimate for spinal fractures [14]. In their study on the incidence of spinal
fractures as a whole, Hu et al. [14] reported a 0.64 per
1,000 person-year incidence but did not differentiate between spinal regions. The incidence of SCI in this population is somewhat higher than that encountered in previous
studies, including those conducted within the United
States [1,13,15]. Dryden et al. [7] reported the incidence
of SCI in Alberta, Canada, to be 52.5 per 1,000,000. These
discrepancies may be attributable to the fact that because
of the size of our population at risk, the estimations in
the present study are more accurate than prior reports.
However, we cannot rule out the fact that military personnel may inherently be at greater risk of cervical spine fracture and/or SCI than the general population because of
occupational demands and engagement in military conflicts overseas [26].
The risk factors identified in this study are similar to
those previously reported for spinal fracture and SCI in
other studies in the literature [1,2,6,7,10,11,14,15]. Hu
et al. [14] maintained that male sex, lower socioeconomic
status, and age less than 30 years increased the risk of spinal fracture. Dryden et al. [7] reported male sex and ages 15
to 29 years as significant risk factors for SCI. Lowery et al.
[11] found male sex, white race, and ages 15–45 years
associated with an increased risk of cervical spine injury.
Males, white servicemembers, and those aged 20 to 29
years were found to be at significantly increased risk of cervical fracture and/or SCI in this study. We also identified
Enlisted military rank as a predictor of the risk for these injuries. This may represent the influence of socioeconomic
status on the risk of cervical spine injuries; however, we
cannot eliminate the potential for confounding in this area
because of the fact that Enlisted individuals are more likely
to be injured in military conflicts [26]. This fact can be further appreciated when one considers that the combat arms
branches of the military (Army and Marines) carried a significantly increased risk of cervical fracture and SCI when
compared with the Air Force.
We recognize that there are limitations to the present investigation. Foremost, this was a database study, derived
from an electronic system maintained by the Department

of Defense, and information used in this investigation is
limited to that available in the data set. For example, it
may have been useful to describe the precise level of cervical injury, understand the military occupation of those who
incurred cervical fractures, and capture other demographic
characteristics such as level of education, smoking status,
and alcohol or drug use that have been shown to increase
the risk of spinal injuries in other studies [4,14,15]. Unfortunately, as this information is not contained within the
DMED, such potential confounders cannot be described.
Additionally, we were unable to determine the mechanism through which cervical spine fractures occurred.
There is a possibility that the incidences reported here are
overestimations when compared with the general incidence
for the American population, as combat service undoubtedly increases the risk of cervical spine fractures and SCI
[26]. However, the DMED’s link with the military’s Ambulatory Data and Composite Health Care Systems represents
the fact that this data set was never intended to focus on
wartime injuries. Prior military studies have estimated that
only a small proportion of combat-related injuries are
actually captured within the DMED [27]. Therefore, it is
entirely possible that most injuries encountered in this
database occurred in civilian situations and not in
combat-related events.
Last, although this is a large American population study,
that encompasses a diverse population on racial, socioeconomic, and gender-based grounds, the US military is not
necessarily representative of the population as a whole.
Specifically, according to census data, individuals serving
in the military would only be representative of approximately
58% of the American population based on age [28]. Additionally, while the proportion of black servicemembers in
the military approximates that of the US population as
a whole, men are disproportionately represented in the armed
forces when compared with women. These factors, however,
should not be seen as influencing our analyses, in that multivariate testing was performed that controlled for factors such
as age, and gender, within the model. As recognized above,
we also cannot exclude the fact that service in the armed
forces may put individuals at greater risk of spinal trauma
through exposure to combat training, as well as combat environments [26,27].
Although recognizing these limitations, it is important to
note that this study is the largest population-based investigation to be conducted within the US focusing on the incidence of SCI and the only study to address the incidence,
epidemiology, and associated risk factors for cervical spine
fractures. Findings presented in this report support prior
studies and may represent the best available evidence because of the size and diversity of the population under
study. Undoubtedly, further research must be performed
across large cross-sections of the American population
before true determinations can be made regarding the
incidence of these injuries and risk factors for their
development.
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